A toxic shock syndrome toxin (TSST) variant with an isoelectric point (pI) of 8.6 produced by an ovine-associated Staphylococcus aureus strain was described previously. Analysis of additional strains associated with sheep, goats, cows, and humans by isoelectric focusing with immunoblotting using monoclonal antibodies revealed that all 18 strains associated with sheep and all 12 strains associated with goats produced the TSST variant. Only 1 of 10 bovine-associated strains and no human-associated strains produced the variant, whereas the others produced TSST-1 (pI between 7.0 and 7.2). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis with immunoblotting indicated that both TSST-1 and the TSST variant had a molecular size of 24 kilodaltons.
Toxic shock syndrome toxin 1 (TSST-1), produced by Staphylococcus aureus strains, is identified by its reaction with specific antibodies elicited by it (2) . The TSST-1 purified from human-associated TSS strains has an isoelectric point (pI) of 7.0 to 7.2 (14, 16) , but TSST-1 produced by S. aureus strains isolated from other' sources, analyzed usually by immunodiffusion, was not examined for other physiochemical properties. It was assumed that the reaction with the specific antibody indicated that the protein molecules were identical. In the examination of S. aureus strains isolated from animals, it was discovered that the culture supernatant fluid from an ovine-associated strain reacted with the specific antibody to TSST-1 but did not give a band at pH 7.0 to 7.2 when analyzed by isoelectric focusing (IEF) (12) . Immunoblotting revealed that a heavy band at pH 8.6 reacted with the specific antibody to TSST-1; it did have the same molecular weight as purified TSST-1 (14, 16) .
In this investigation, S. aureus strains associated with sheep, goats, cows, and humans were examined for the production of the TSST variant by immunodiffusion and immunoblotting with monoclonal antibodies (MAbs) to TSST-1. taxonomic criteria used to identify them have been described in previous publications (8, 10, 12) .
MATERIALS AND METHODS
Production of TSST. Culture filtrate fluid containing extracellular proteins were obtained by growing strains aerobically at 37°C in Todd-Hewitt broth (Difco Laboratories, Detroit, Mich.) (12) . Protein A was removed from culture filtrate fluids by rabbit immunoglobulin G affinity chromatography (9) with slight modifications (12) .
Analysis of extracellular proteins. The extracellular proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The proteins were assayed with a protein assay kit with a bovine albumin protein standard (Bio-Rad Laboratories, Richmond, Calif.). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed by utilizing a 6% stacking gel, a 12.5% resolving gel, and a discontinuous buffer system (13) . The protein samples (5 to 10 ,ug of 'extracellular protein) were electrophoresed in a 0.75-mm-thick gel at 15 mA per slab until the bromophenol blue dye reached the gel bottom at approximately 4 h. The gels were stained with Coomassie blue to reveal TSST-1 and molecular size standards (Hoefer Scientific Instruments, San Francisco, Calif.). In identical gels, the separated proteins were transferred to nitrocellulose paper prepared as described by Towbin et al. (18) and the Trans-Blot apparatus (Bio-Rad) operating instructions. After the transfer, the membrane was incubated with 3% gelatin in Tris-buffered saline at pH 7.5 for 1 h at room temperature to saturate unoccupied protein-binding sites. The membrane was rinsed with Tris-buffered saline-Tween 20 (0.05%) and incubated serially with TSST-1 MAbs and horseradish peroxidaseconjugated goat anti-mouse immunoglobulin G (Bio-Rad) as described by the manufacturer (11) .
To identify the pIs of S. aureus proteins which bind TSST-1 MAbs, the culture filtrate fluids were subjected to IEF and the resulting polyacrylamide gels were electroblotted to nitrocellulose and incubated with TSST-1 MAbs as described above. The proteins were subjected to IEF (Isobox; Hoefer) according to the specifications of the manufacturers. Approximately 10 ,ug of extracellular protein was applied to polyacrylamide gels of pH 3.5 to 9.5 or pH 5.5 to 8.5 and run at 15 W of constant power at 5°C for 2 h. ANIMAL-ASSOCIATED S. AUREUS TSST VARIANT Slight variations in pIs between 7.0 and 7.2 for TSST-1 from the bovine-associated S. aureus strains were observed. The IEF of combined filtrate fluids of two of these strains, 16619 and G23, revealed a slight difference in the pIs of the two TSST-1 produced (Fig. 2) .
Molecular sizes of TSST-1 and TSST variant. Analysis of the culture filtrate fluids by sodium dodecyl sulfate-polyacrylamide gel electrophoresis with immunoblotting revealed that all proteins that bound to the TSST-1 MAbs (pIs of 7.0 to 7.2 and 8.6) had molecular sizes of approximately 24 kilodaltons, results which are in agreement with our previous report (12) .
DISCUSSION
The significance of the production of two proteins with very different pIs that react with the TSST-1 MAbs is yet to be revealed. It is of interest that all of the S. aureiis strains associated with sheep and goats produced the TSST variant with a pI of 8.6 , but none of the strains associated with humans and only one of the strains associated with cows produced it. It would appear that there is little if any crossover between the S. aureus strains associated with sheep, goats, and humans; however, there is a possibility of crossover between the bovine-and human-associated S.
aiurelus strains because humans are much more closely associated with bovine animals in the United States than they are with sheep or goats. Most of the animal-associated strains were isolated from mastitic animals, either directly from the udders or from the milk. A very high percentage of strains associated with sheep and goats produce TSST-1 as assayed by immunodiffusion and also produce enterotoxin C (SEC); in contrast, a very low percentage of bovine mastitis strains produce TSST-1 or one of the enterotoxins (2, 4, 8) .
Strains that do produce SEC also invariably produce TSST-1. The production of this combination of toxins and their role in mastitis is not understood; there is very little homology between these two toxins.
The SEC produced by these strains has not been specifically identified as SEC1, SEC2, or SEC3. These enterotoxins were designated SEC1, SEC2, and SEC3 because of antigenic differences even though there were strong crossreactions between them (3). In addition, the pIs vary from VOL. 27, 1989 i9mom, «OV#tw qmw4b* on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from 7.0 (SEC2) to 8.6 (SEC1) (1) The amino acid sequences of two of the SECs have not been determined yet, but in all probability there will be minor sequence differences. There is no indication of a difference in the biological activities of the SECs, and the different SECs do not exhibit the strong association with source, as TSST-1 and the TSST variant do.
It is likely that the TSST variant is slightly different structurally from TSST-1; if so, it should be given a different designation, as was done with the SECs. The final decision must await the amino acid sequence and possibly information about any antigenic differences. It will be important also to determine whether there is any significant difference in the biological activities of the two proteins. TSST-1, although not S333, 1989) . TSST variant has been found to have no effect on these parameters (our unpublished data).
The slight difference in the pIs of the TSST-1 produced by the two bovine-associated strains is of interest, particularly because a slight difference in the pIs of two TSST-1 bands generated from the toxin produced by the same strain was noted (5) . The difference in the pIs may indicate a slight difference in the amino acid composition; however, it is more likely that the difference is in the number of amide groups. The difference in one amide group can result in a difference in pI of 0.4 pH units. The purified enterotoxins usually separate into three to four bands with slight differences in pIs when analyzed by IEF (7) without any difference in amino acid composition or activity (15) .
